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HYDRAULIC LASH ADJUSTER AND
IMPROVED OIL FLLOW PATH THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATTONS

Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

MICROFICHE APPENDIX
Not Applicable

BACKGROUND OF THE DISCLOSURE

The present 1invention relates generally to hydraulic lash
adjusters, and more particularly to a hydraulic lash adjuster
(HLA) of the type in which there is both a high pressure
chamber and a reservoir, or low pressure chamber.

Hydraulic lash adjusters (also sometimes referred to as
“lifters”) for internal combustion engines have been in use
for many years to eliminate clearance, or lash, between
engine valve train components under varying operating
conditions, 1n order to maintain efficiency and to reduce
noise and wear in the valve train. Hydraulic lash adjusters
operate on the principle of transmitting the energy of the
valve actuating cam through hydraulic fluid, trapped 1 a
pressure chamber under a plunger. During each operation of
the cam, as the length of the valve actuating components
varies as a result of temperature changes and wear, small
quantitics of hydraulic fluid are permitted to enter the
pressure chamber, or escape therefrom, thus effecting an
adjustment 1n the position of the plunger, and consequently
adjusting the effective total length of the valve train.

The cam operating cycle comprises two distinct events:
(1) operation on the base circle and (2) valve actuation. The
base circle event 1s characterized by a constant radius
between the cam center of rotation and the cam follower, and
during this event, no cam energy 1s transmitted. The valve
actuation event 1s characterized by a varying radius between
the cam center of rotation and the cam follower, which
ciiectively transmits cam energy to open and close an engine
valve. During the valve actuation event, a portion of the load
resulting from the valve spring, the inertia of valve train
components, and cylinder pressure are transmitted through
the valve train and through the lash adjuster. The load
increases the pressure of the hydraulic fluid within the lash
adjuster pressure chamber, in proportion to the plunger area,
and 1n typical hydraulic lash adjusters currently 1n commer-
cial production, fluid escapes the pressure chamber between
the plunger and the wall of the lash adjuster body. Such a
device 1s referred to as a “conventional leakdown” lash
adjuster.

As the tluid escapes, the volume of the pressure chamber
1s decreased and the plunger moves down, shortening the
ciiective length of the lash adjuster. During the base circle
event, the lash adjuster plunger spring moves the plunger up
within the body such that no clearance or lash exists between
valve actuation components. As this occurs, hydraulic fluid
1s drawn 1nto the pressure chamber through the plunger
check valve 1n response to the increasing volume of the
pressure chamber as the plunger moves up. If the effective
length of the valve train shortens during the valve actuation
cycle, positive lash 1s created and the lash adjuster extends,
moving the plunger to a higher position at the end of the
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cycle than at the beginning. Conversely, if the effective
length of the valve train increases during the valve actuation
cycle, negative lash 1s created and the lash adjuster
contracts, moving the plunger to a lower position at the end
of the cycle than at the beginning. The latter condition
typically occurs when valve train components lengthen in
response to Increasing temperature.

As noted previously, commercial lash adjusters of the
conventional leakdown type have controlled the escape of
fluid (or “leakdown”) from the high pressure chamber solely
by the fit of the plunger within the body, thus necessitating
close clearances therebetween, and selective {itting of the
plunger to the body. In an effort to overcome the expense of
such selective fitting of the plunger within the body, as well
as other associated disadvantages of the prior art, the
assignee of the present invention has developed a lash
adjuster 1n which the leakdown flow 1s past the plunger

check valve. This improved lash adjuster 1s illustrated and
described in U.S. Pat No. 5,622,147 for a “HYDRAULIC

LASH ADJUSTER”, assigned to the assignee of the present
invention and incorporated herein by reference.

In lash adjusters of the type disclosed in the above-
identified patent, fluid which exits the lash adjuster to
lubricate the interface of the ball plunger and the rocker arm
must be replenished from a source of low pressure fluid,
which 1s typically the engine o1l pump. Therefore, 1n the
conventional lash adjuster, the body has a fluid port
machined radially through its wall, with an annular collector
oroove formed about the 1nside diameter of the body. Also,
the upper plunger member has a radial bore machined
through its wall, 1n a location such that the plunger bore
communicates with the collector groove. Fluid then flows
inward through the body bore and collector groove, then
through the plunger bore, into the low pressure chamber.

Although the fluid flow path described above results 1n a
lash adjuster which performs 1n a satisfactory manner, the
need for the collector groove on the inside diameter of the
body, or alternatively on the outside diameter of the plunger,
and the radial bore 1n the upper plunger adds substantially to
the overall manufacturing cost of the lash adjuster. The
presence of a groove on the body inside diameter 1s unde-
sirable because the ring seal mounted on the lower plunger
must traverse the groove during lash adjuster assembly, and
in so doing, the seal may be damaged. In addition, the length
of the upper plunger must be sufficient to provide adequate
contact area above and below the groove to minimize wear,
and must be sufficient above the groove to minimize oil
leakage through the clearance between the upper plunger
and the body. Within a given body bore depth and a given
range ol plunger axial motion for a specilic engine
application, the length of the lower plunger 1s directly
influenced by the length of the upper plunger. The lower
plunger length may be sufficiently shortened such that, 1n the
case of a conventional leakdown lash adjuster, the leakdown
clearance may need to be tightened to compensate, further
Increasing manufacturing cost.

BRIEF SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide an mmproved hydraulic lash adjuster of the type

having both a high pressure chamber and a low pressure
chamber, 1n which the fluid tlow path into the low pressure

chamber 1s improved.

It 1s a related object of the present invention to provide an
improved hydraulic lash adjuster which accomplishes the
above stated object, while substantially eliminating the
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opportunity for damage to the ring seal on the lower plunger
during assembly of the lash adjuster.

It 1s another object of the present invention to provide an
improved hydraulic lash adjuster which 1s substantially less
expensive to manufacture.

The above and other objects of the invention are accom-
plished by the provision of a hydraulic lash adjuster for an
internal combustion engine, the lash adjuster comprising a
body defining a blind first bore formed therein and a fluid
port in communication with a source of fluid pressure. A
plunger assembly 1s slidingly received within the blind first
bore, and a pressure chamber 1s defined by the blind first
bore and the plunger assembly. A fluid chamber 1s disposed
within the plunger assembly. The plunger assembly defines
means providing fluid communication between the pressure
chamber and the fluid chamber. A biasing means normally
urges the plunger assembly outward of the blind {first bore.
The plunger assembly includes an upper plunger member
having a ball plunger element adapted for engagement with
an adjacent surface of a valve train component, and a lower
plunger member.

The improved hydraulic lash adjuster 1s characterized by
the upper plunger member defining a lower end portion, and
the lower plunger member defining an upper end portion, the
lower and upper end portions normally being disposed in
engagement with each other. The lower and upper end
portions cooperate to define passage means operable to
provide fluid communication between the blind bore and the
fluid chamber. The blind bore and the upper plunger member
cooperate to define a radial clearance therebetween, sufli-
cient to permit fluid flow therethrough, whereby the radial
clearance and the passage means comprise substantially the
only fluid flow path from the fluid port to the fluid chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an axial cross-section of a lash adjuster made in
accordance with the present invention.

FIG. 2 1s an enlarged, fragmentary, axial cross-section,
similar to FIG. 1, 1llustrating a preferred embodiment of the
present mvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawings, which are not intended to
limit the invention, FIG. 1 illustrates a hydraulic lash
adjuster made 1n accordance with the teachings of the
present invention.

The lash adjuster of the present invention comprises a
body 11 defining a blind bore 13. A plunger assembly,
ogenerally designated 15 1s slidably disposed within the blind
bore 13, and mcludes an upper plunger element 17, and a
lower plunger element 19. The plunger elements 17 and 19
cooperate to define a low pressure chamber 21 (also referred
to hereinafter as a “reservoir”, or as the “fluid chamber”).
The blind bore 13 and the plunger assembly 15 cooperate to
define a high pressure chamber 23 (also referred to herein-
after as the “pressure chamber”), which is shown in its
minimum volume position 1 FIG. 1. A check wvalve
assembly, generally designated 25, 1s operable to permit
fluid communication between the reservoir 21 and the
pressure chamber 23.

Disposed between the lower plunger element 19 and the
bore 13 1s a dynamic seal member 27, against which 1s
scated a flange 29 extending radially outwardly from a
ogenerally cup-shaped retaimner 31. Although the subject
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embodiment 1s of the sealed reservoir type, 1t should be
understood that the present invention can also be used
advantageously 1n conventional leakdown type lash adjust-
ers. Preferably, there 1s an interference fit between the
retainer 31 and the reduced diameter portion of the lower
plunger element 19. The plunger assembly 15 and the
retainer 31 are maintained 1n the position shown by means
of a plunger spring 33.

In the subject embodiment, hydraulic fluid 1s supplied to
the low pressure chamber 21 through a port 35 which opens
into the bore 13, and as was mentioned 1n the BACK-
GROUND OF THE DISCLOSURE. Normally, the bore 13
would define a collector groove which, 1n turn would
intersect a port defined by the upper plunger element 17, and
opening 1nto the low pressure chamber 21. A cap member 37
retains the plunger assembly 15 1n a manner well known to
those skilled in the art. Metered hydraulic fluid 1s supplied
to the engine rocker arm (not shown) by means of a valve
assembly, generally designated 39, which allows a limited
flow of fluid outward from the plunger assembly 15, but
which also acts as a check valve to prevent the inflow of air
in the event of a low pressure or negative pressure condition
within the chamber 21. The valve assembly 39, the details of
which form no part of the present invention, 1s preferably
made 1n accordance with the teachings of co-pending appli-
cation U.S. Ser. No. 880,417, for an “IMPROVED METER-
ING VALVE FOR BALL PLUNGER OR PUSHROD
SOCKET”, assigned to the assignee of the present invention,
and 1ncorporated herein by reference.

The valve assembly 39 1s illustrated herein as including a
pin 41 (sometimes referred to as a “metering” pin) having
outwardly extending portions which can be compressed to
snap the pin 41 into place through a port formed in the a ball
plunger portion 43 of the upper plunger element 17.
Preferably, the outwardly extending portion forms a head
near the upper end of the pin 41, and the head 1s operable to
engage a seat and serve as a check valve, so that, whenever
fluid pressure 1s relatively low 1n the low pressure chamber
21, the check valve seats and prevents an inflow of air. In
accordance with the teachings of the above-incorporated
U.S. Ser. No. 880,417,the pin 41 defines an axially-
extending fluid passage (not shown herein for simplicity),
thus providing a metered flow of lubrication fluid from the
low pressure chamber 21 to the exterior of the ball plunger
43, whenever pressure within the chamber 21 1s sufficient to
bias the pmn 41 upward to the position shown in FIG. 1.

Although the embodiment illustrated in FIG. 1 1s a
preferred embodiment, it will be understood by those skilled
in the art that various other means, such as a gravity flow or
a self-contained supply, can be provided to supply fluid to
the low pressure chamber or reservoir 21, and that hydraulic
fluid can be provided to the rocker arm by various other
means, all within the scope of the present invention.

Referring still to FIG. 1, the check valve assembly 25
comprises a check ball 45 which normally 1s operable to
engage a valve seat defined by a surface formed adjacent a
valve opening 47, 1n a manner well known to those skilled
in the art. In the subject embodiment, however, the check
valve assembly 1s made 1n accordance with the teachings of

co-pending application U.S. Ser. No. 792,809, for a
“HYDRAULIC LASH ADJUSTER AND BIASED NOR-

MALLY OPEN CHECK VALVE SYSTEM THEREFOR”,
assigned to the assignee of the present invention, and
incorporated herein by reference. In 1ts normal function as a
check valve, the check ball 45 will be disposed away from
the valve seat when the plunger assembly 15 1s moving
upward, under the influence of the plunger spring 33,
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permitting hydraulic fluid to flow from the reservoir 21,
through the valve opening 47 into the high pressure chamber

23.

Referring now to FIG. 2, in conjunction with FIG. 1, the
upper plunger member 17 includes a lower end portion 51,
and the lower plunger element 19 includes an upper end
portion 53. In accordance with an 1mportant aspect of the
invention, the lower end portion 51 and the upper end
portion 53, which are 1n engagement with each other during,
normal operation, cooperate to define a fluid passage means
into the low pressure chamber 21. More speciiically, and by
way of example only, upper end portion 533 of the lower
plunger element 19 defines a series of openings or notches
55, thus permitting fluid flow radially inward, through the
notches 55, into the chamber 21. Also by way of example
only, there are four of the notches 55, evenly spaced about
the circumference of the upper end portion 53, 1t being
understood that neither the particular number of openings,
nor their arrangement, 1s an essential feature of the 1nven-
tion.

In accordance with another aspect of the invention, the
body 11 does not define the conventional collector groove
about 1ts 1nside diameter, 1n fluid communication with the
port 35. With the present invention, the need for such a
collector groove, and the required difficult and expensive
machining, 1s eliminated. It 1s also conventional for the
upper plunger element to have machined therein a radially
extending bore, operable to communicate between the col-
lector groove and the low pressure chamber 21, and the
invention also eliminates the need for the radial bore 1n the
upper plunger.

In order to carry out the improved fluid flow path of the
present invention, there must be a sutficient radial clearance
between the inside diameter of the body 11 and the outside
diameter of the upper plunger element 17 to permit fluid
flow therethrough. Furthermore, the clearance must be such
that the amount of fluid flow permitted will keep the low
pressure chamber 21 reasonably full of fluid, even as fluid 1s
periodically exiting the lash adjuster, to lubricate the inter-
face of the ball plunger 43 and the rocker arm (not shown).

In the subject embodiment, and by way of example only,
the radial clearance between the body 11 and the upper
plunger 17 1s 1n the range of about 0.02 mm to about 0.08
mm. It will be appreciated by those skilled 1n the art that this
radial clearance will vary with factors such as the actual size
of the lash adjuster, and the viscosity of the fluid to be used.
[t is believed that those skilled in the art can readily (and
without undue experimentation) ascertain the proper radial
clearance to achieve the desired operating characteristics.

In operation, with the fluid port 35 in communication with
a source of low pressure (not shown), such as the engine oil
pump, Huid flows in through the port 35, then downward
through the radial clearance between the body 11 and the
upper plunger element 17. As the fluid flow reaches the
notches 55, it takes the “path of least resistance” and tlows
radially inward through the notches 55, into the low pressure
chamber 21. It 1s important that the tlow path just described
comprises substantially the only flow path from the low
pressure source to the low pressure chamber 21. Thus, the
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present 1nvention provides an i1mproved hydraulic lash
adjuster having an improved fluid flow path which makes it
possible to eliminate at least one machining step 1n each of
the body and upper plunger.

The invention has been described in great detail in the
foregoing specification, and it 1s believed that various alter-
ations and modifications of the invention will become appar-
ent to those skilled 1n the art from a reading and understand-
ing of the specification. It 1s intended that all such alterations
and modifications are included in the invention, insofar as
they come within the scope of the appended claims.

We claim:

1. A hydraulic lash adjuster for an internal combustion
engine, said lash adjuster comprising a body defining a blind
first bore therein and a fluid port in communication with a
source of fluid pressure; a plunger assembly slidingly
received within said blind first bore; a pressure chamber
defined by said blind first bore and said plunger assembly;
a fluid chamber disposed within said plunger assembly; said
plunger assembly defining means providing fluid commu-
nication between said pressure chamber and said fluid
chamber; biasing means normally urging said plunger
assembly outward of said blind first bore; said plunger
assembly 1ncluding an upper plunger member having a ball
plunger element adapted for engagement with an adjacent
surface of a valve train component, and a lower plunger
member; characterized by:

(a) said upper plunger member defining a lower end
portion, and said lower plunger member defining an
upper end portion, said lower and upper end portions
normally being disposed in engagement with each
other;

(b) said lower and upper end portions cooperating to
define passage means operable to provide fluid com-
munication between said blind bore and said fluid
chamber; and

(c) said blind bore and said upper plunger member
cooperating to define a radial clearance therebetween,
sufficient to permit fluid flow therethrough, wherein
said radial clearance and said passage means comprise
substantially the only fluid tlow path from said fluid
port to said fluid chamber.

2. A hydraulic lash adjuster as claimed in claim 1,
characterized by seal means disposed between said blind
first bore and said plunger assembly, operable to prevent
substantially the flow of fluid therebetween.

3. A hydraulic lash adjuster as claimed 1n claim 1,
characterized by one of said upper plunger member and said
lower plunger member defining, 1n its respective end
portion, at least one opening permitting fluid communication
into said fluid chamber.

4. A hydraulic lash adjuster as claimed 1n claim 3,
characterized by said upper end portion of said lower
plunger member defining a plurality of openings.

5. A hydraulic lash adjuster as claimed in claim 1,
characterized by said body and said upper plunger element
comprising machined members.
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